SUMMARY The effects of a moderate dietary salt restriction on intralymphocytic sodium content and pressor response to stress (mental arithmetic, handgrip, and bicycle exercise) were tested in 25 young subjects with borderline hypertension. The study was performed by a randomized, cross-over, within-patient, experimental design. Diet did not significantly reduce blood pressure at rest but did so significantly in both systolic and diastolic blood pressure during stress and exercise. Variations in diastolic blood pressure induced by stimulation correlated significantly with intralymphocytic sodium content both before and during low-salt diet whereas no correlation was found in the case of systolic blood pressure and heart rate variations. These findings suggest that in young subjects with borderline hypertension, sodium homeostasis and blood pressure regulation are somehow interrelated, and that a moderate dietary salt restriction reduces both intralymphocytic sodium content and pressor response to adrenergic stimulation. This could be useful in preventing the development of sustained hypertension. (Hypertension 4: 789-794, 1982) KEY WORDS • hypertension • stress • sodium • diet • lymphocytes
M
ANY studies have demonstrated that in essential hypertension there is a disturbance of intracellular electrolyte composition and of sodium transport. Such a defect has been observed in erythrocytes, 1 "* leukocytes, 5 " 7 and lymphocytes, 8 "" and can be detected also in a great proportion of normotensive subjects with familial hypertension (genetic normotensives) 12 ' 13 and in young patients with borderline hypertension. 10 Genetic normotensives and borderline hypertensives in whom intralymphocytic sodium content is high exhibit an exaggerated pressor response to mental stress and exercise. 1415 Since it has been demonstrated that transient hypertension induced by stress may precede sustained hypertension, 16 a reduction of the pressor response to adrenergic stimuli could be useful in preventing the development of sustained essential hypertension. In previous experiments we observed that a 4-week mod-erate salt restriction can reduce intralymphocytic sodium content while a much longer period is needed to achieve a reduction of both intralymphocytic sodium and blood pressure at rest in borderline hypertensive subjects.
l0 -" On this basis, we evaluated the effects of short-term moderate salt restriction on blood pressure at rest and during various kinds of stimulation in young subjects with borderline hypertension.
Methods

Patients
Young subjects referred to our outpatient clinic because of casual high blood pressure recordings were considered for the study. We classified as a "borderline hypertensive" a subject who, during recumbency, exhibited on three different occasions at least one casual diastolic blood pressure above and one below 90 mm Hg. The first casual reading was taken during the first visit to our clinic, the second 2 to 3 weeks later upon the individual's return for routine investigation, and the third 1 week later when the individual was rechecked in our clinic.
With these criteria (similar to those of Julius et al. 18 ) we enrolled 26 subjects (14 males and 12 females) aged 14 to 31 years (mean ± SD; 23 ± 6 years). None had been treated before with antihypertensive drugs. The protocol and goal of the study were fully ex- plained, and all subjects gave their consent. (One person did not complete the study because of poor compliance.) Subjects were randomly divided into two groups following a cross-over, within-patient, experimental design. Group 1(13 subjects) was on a free diet (6 to 10 g of NaCl/day checked by the measurement of six consecutive overnight urinary Na + excretion) for 6 weeks. Then they were treated with a low-salt diet (3 to 5 g NaCl/day, checked as mentioned before) for the following 6 weeks. Group 2(12 subjects) received the same diets but started with the low-salt and then switched to the free-salt diet. At the end of each period we determined the intralymphocytic sodium content using the method described by Ambrosioni et al." On the same day blood pressure and heart rate were recorded with an automatic device, Dinamap 845; 19 casual readings were recorded after 1 minute and baseline recordings were obtained after 10 minutes of rest. Measurements were performed at 1-minute intervals, the patient being seated in a quiet room.
Blood pressure and heart rate were then recorded during the following three tests: mental arithmetic (done by subtracting 17 from a four-digit number as fast as possible for 5 minutes), 20 sustained handgrip (2 minutes at 30% of maximum handgrip), and bicycle exercise (80% of maximum heart rate adjusted for age, sex, and body weight). The physician who examined the patients was unaware of their allocation in the experimental design.
Results are expressed as means ± SD. Statistical analysis was performed by Student's t test two-tailed for within-patient comparisons. Changes in blood pressure (in mm Hg) and heart rate (in beats/min) induced by stimulation tests were related to intralymphocytic sodium content (mmole/kg, wet weight) in each group of subjects separately for free-and low-salt diet. Stepwise regression 21 indicated the logarithm of patient's age as a further variable affecting the pressor response to stress. Intralymphocytic sodium content was then adjusted for this variable and the productmoment correlation coefficient recalculated.
Results
Intralymphocytic Sodium Content
The intralymphocytic sodium content of Group 1 subjects significantly decreased during low-salt diet from 28.8±2.2 mmole/kg (wet weight) to 22.0±2.5 mmole/kg (p < 0.005). In Group 2 subjects, intralymphocytic sodium content increased during free-salt diet from 21.8±2.6 to 27.9 ±3.1 mmole/kg (p < 0.005). The overall mean value of the intralymphocytic sodium content of the 25 subjects during free salt diet was 28.5 ±2.1 mmole/kg, whereas during low-salt diet it was 21.8±2.3 mmole/kg (p < 0.001).
Rest Table 1 shows blood pressure and heart rate values (casual and baseline) recorded at rest in each group of subjects and in the total sample during free-and lowsalt diets. Systolic blood pressure showed a significant reduction during the low-salt diet only when recorded casually in the first group of subjects. No significant reduction was noted, however, when the data were pooled together. Diastolic blood pressure (both casual and baseline) did not show any significant modification during the two diet periods. Both casual systolic and diastolic blood pressure were significantly higher than baseline blood pressure. Heart rate was not changed during the two diet periods. Casual values were slightly higher than baseline, but the difference was not statistically significant.
Mental Stress and Exercise
Blood pressure variations induced by mental arithmetic during the free-and the low-salt diet are shown in figure 1. The low-salt diet did not significantly re- the case of systolic,/? < 0.001 in the case of diastolic blood pressure). Also the maximum blood pressure attained during stress was significantly reduced during salt restriction (p < 0.001 for both systolic and diastolic blood pressure). The mean value of the five blood pressure readings during recovery was significantly lower during the low-salt than during the freesalt diet (p < 0.005 in the case of systolic, p < 0.001 in the case of diastolic blood pressure). The comparison of the mean value of five diastolic blood pressure readings during the recovery period with baseline diastolic blood pressure showed that, during free-salt intake, there was a 1.6± 3.2 mm Hg average increase in diastolic blood pressure, whereas during the low-salt diet there was a 3.9 ±2.7 mm Hg average decrease. Baseline heart rate was not different during the freeand low-salt diets. The maximum heart rate value recorded during mental arithmetic was 100.4 ± 13 bpm during free-and 107.4 ± 14 bpm during low-salt diet (p < 0.005). The maximum percent increase in heart rate was not different during the two diet periods. Blood pressure variations induced by handgrip and bicycle exercise are shown in figure 2 . The low-salt diet provoked a significant reduction in systolic (p < 0.001) and diastolic (p < 0.001) blood pressure response during both exercise tests, whereas no difference was detected in the case of heart rate. During recovery from bicycle exercise, diastolic blood pressure was significantly lower (p < 0.001) when the patients were on the low-salt diet.
The correlations between intralymphocytic sodium content (mmole/kg wet weight) and diastolic blood pressure variations (mm Hg) induced by the stimulation tests during free-and low-salt diet are shown in figure 3 . A highly significant correlation was detect- able between these parameters whereas no correlation was found between intralymphocytic sodium and systolic blood pressure or heart rate variations. Percent variations in diastolic blood pressure induced by adrenergic stimulation and intralymphocytic sodium concentration adjusted (divided) for the logarithm of age were even more correlated (mental arithmetic: /• = 0.92 during free, r = 0.93 during low-salt diet; handgrip: r = 0.97 during free, r = 0.95 during low-salt diet; bicycle exercise: r = 0.91 during free, r = 0.91 during low-salt diet).
Discussion
Data from the literature have demonstrated that young subjects with borderline hypertension have a higher risk of developing sustained hypertension than normotensive subjects. 22 " Recently it has been observed that about 67% of young borderline subjects develop sustained hypertension within 5 years and that subjects at risk have a uniformly strong family history of hypertension and high cardiovascular response to mental stress. 24 Our previous experiments showed that the exaggerated response to stress exhibited by a large proportion of young subjects with borderline hypertension is related to their intralymphocytic sodium content. 14 We also observed that their pressor response to stimulation is less than that of patients with sustained hypertension but greater than that of normotensive subjects (both with and without familial hypertension).
14 ' " It has been widely demonstrated that salt restriction may be helpful in controlling blood pressure in hypertensive patients 25 
"
32 and that in borderline subjects severe salt restriction reduces pressor responses to adrenergic stimuli. 33 On the contrary, in young normotensive subjects (with or without family history of hypertension) low-salt diet does not significantly affect blood pressure at rest 34 - 35 but reduces the rise in blood pressure caused by norepinephrine infusion. 36 The results of the present study show that a moderate low-salt diet, even if it does not modify blood pressure at rest, strongly reduces the pressor response to stress and exercise in borderline hypertension. The favorable effects of salt restriction can be observed also during recovery periods after mental arithmetic and bicycle exercise. The physiological post-stress vasodilatation, which is impaired in borderline subjects with high intralymphocytic sodium content, 15 can be completely restored during a moderate low-salt diet.
The reason why no reduction of resting blood pressure was obtained could be attributed to the short period during which patients were treated. A long-term low-salt diet, in fact, reduces blood pressure at rest whereas a significant decrease in intralymphocytic sodium content can be obtained in a much shorter period of time. 10 -l7 The persistence of an extraordinarily high correlation coefficient between intralymphocytic sodium and diastolic blood pressure variations induced by stress and exercise both on the free and the low-salt diet indicates that the pressor response to stress is related to intracellular sodium. Such a correlation could be detected with all the three tests we used even if their hemodynamic effects are very different.
The mechanisms by which altered cellular sodium transport could interfere with vascular smooth muscle reactivity are still under debate. Three main hypotheses have been advocated: 1) depolarization of the vascular cell membrane closer to the threshold for mechanical response, caused either by a reduced electrogenic Na + pumping or by increased cell Na + pernieability; 37 ""' 2) increase in cellular calcium content owing to the increase in intracellular Na + content; 40 3) water gain in the arterial wall with decreased size of resistance vessels. 41 " 41 Nevertheless, at present none of the postulated mechanisms can completely account for all the different functional changes that have been observed in prehypertension and sustained hypertension. Independent of the causal mechanisms, dietary salt intake seems to play an important role in the development of hypertension in borderline hypertensives since moderate reductions of dietary Na+ content could quickly modify both intralymphocytic sodium and pressor response to adrenergic stimulation.
Intralymphocytic sodium appears to be a good marker for detecting borderline hypertensives with an exaggerated response to mental and physical activity, and it is a useful monitor of the effects of dietary salt intake before any change in blood pressure at rest can be recorded. Longitudinal follow-up studies are in progress to determine whether moderate salt restriction can prevent or delay the development of sustained hypertension by restoring normal intracellular sodium content.
